Introduction
It is well known that ionizing radiation is currently a very important way to create genetic variability that is not exists in nature or that is not available to the breeder (Ahloowalia & Maluszynski, 2001 ; Lemus et al., 2002) . Therefore, there are many papers aimed to determine the best radiation dose to applied in plant breeding work. As a result it has been defined intervals gamma radiation useful for many cultivated species, though the determination of the radiosensitivity of tissues by exposure to different intensities of radiation (De la Fe et al., 1996; Castillo et al., 1997; Fuchs et al., 2002; Lemus et al., 2002; Fuentes et al., 2004; Ramírez et al., 2006) . However, most studies have been conducted have been designed to evaluate the biological response to high doses of radiation, while in relatively few studies have used low doses to stimulate physiological processes (radiostimulation) although the ionizing radiation hormesis has been widely supported (Luckey, 1980) . Hormesis is the excitation, or stimulation, by small doses of any agent in any sistem (Luckey, 2003) . The beneficial effect of hormesis has been well documented in species of agricultural importance (Zaka et al., 2004; Kim et al., 2005) . However, there is not enough information about its use in forestry. Although little is known about the basic nature of this phenomenon, Vaiserman (2010) had indicated the possible relationship between the hormesis and epigenetic effects. The application of low-dose ionizing radiation could produce in coniferous species hormetics radiostimulants effects through genetic and epigenetic changes that manifest as adaptive responses.
Uses of low doses of ionizing radiation on plant species
Ionizing radiation is defined as the energy that propagates in the form of photons (X-rays and ) or in the form of subatomic particles ( , , neutrons and protons). Among them, gamma rays have been reported to be the most efficient ionizing radiation of creating mutants in plants. Gamma rays belonging to ionizing radiation group are the most energetic form of electromagnetic radiation (Ikram et al., 2010) . This kinds of rays possesses the energy level from 10 keV to several hundred kiloelectron volts, and they are considered as the most penetrating physical mutagenic agent in comparison to other radiation source such as alpha and beta rays (Kovács & Keresztes, 2002) . Like other ionining radiation gamma rays interacts with atoms or molecules to produce free radicals in cells. These radicals can induce high mutation in plants because it could produce serious cell damage or afectations in important plant cells components (Kovács & Keresztes, 2002) .
Species

Gamma rays doses Effects Reference
Vigna radiata (L.) Wilczek. 40 -80 kR Increase polygenic variability. Sangwan & Singh (1977) Triticum aestivum L. 0.5-7 kR Stimulatory effect on height, tillering and grain yield. Iqbal (1980) Sorghum vulgare L. 1-10 kR Large reduction in mean seedling height and tillering. Iqbal (1980) Salix nigra Marsh. 0.1 -100 kR Low doses increasing the growth rate. Gehring (1985) Tectona grandis L. f. 10, 20, 30, 40 and 50 kR Improve the germination rate of the seeds. Bhargava & Khalatkar (1987) Allium cepa L. 10, 20, 40, 80, and 100 kR
Percentage of abnormal seedlings increased with increase in radiation dose. Amjad & Akbar (2003) Basmati rice varieties 150 -300 Gy Increase of total spikelets above the non-irradiated rice. Ali & Manzor (2003) Chrysanthemum morifolium cv.
15, 30 and 60 Gy
The regeneration rate decrease with increase in the total dose of radiation. Yamaguchi et al. (2008) 
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Ionizing radiation can be quantified in terms of absorbed dose (D) which is the amount of ionizing radiation energy deposited per unit mass of irradiated material. Initially, the magnitude was measured in roentgens, called "radiation dose". A Roentgen is a unit of measure used to quantify the radiometric exposure, in other words, the total charge of ions released per unit mass of dry air at standard conditions of pressure and temperature, but now the most often unit used to quantify the biological effects of ionizing radiation is the gray (Gy), which is a unit derived from the international system of units to measure the absorbed dose of ionizing radiation for a certain material. One gray is equivalent to the absorption of one joule of radiation energy per kilogram of irradiated material. Radiation doses are divided into three broad categories:high (> 10 kGy), medium (1 to 10 kGy), and low (<1 kGy).
Gamma rays are widely used for mutation induction in plants. Therefore many studies have been done on the dose-response effects of ionizing radiation, specifically gamma radiation on several growth and yield traits in plants with high-doses of ionizing radiation (Table 1) .
Species
Gamma rays doses Effect Reference
Daucus carota L. 0.5 and 1 kR Irradiation accelerated germination of carrot seeds. Bassam & Simon (1996) Capsicum annuum L. Some reports (Gunckel & Sparrow, 1961; Ikram et al., 2010) have been shown higher exposures of gamma rays produce generally negative effects on plant growth and development although the effect of dose rate on mutation frequency might differs among plant species. These effects include cytological, anatomy, genetical, biochemical, physiological and morphogenetic changes in cells and tissues. Many changes in the plant cellular structure and metabolism e.g., dilation of thylakoid membranes, alteration in photosynthesis, modulation of the antioxidative system and accumulation of phenolic compounds had been documented in different plant species (Kim et al., 2004; Wi et al., 2005) . Higher exposures of gamma rays usually produce inhibitor effects on Gymnosperm and Angiosperm seed germination (Kumari & Singh, 1996) whereas lower exposures produce sometimes a stimulatory effect (Raghava & Raghava, 1989; Thapa, 1999) .
It is important define the threshold between high-doses, in several cases dangerous, and low-doses with stimulatory effects. A radiostimulant low-dose is defined as any doses from www.intechopen.com
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environmental radiation levels and the threshold that marks the boundary between positive and negative biological effect (Luckey, 2003) . This radiostimulatory effects which has been observed in different plant species (Table 2) , through the use of low-doses of ionizing gamma radiation could be considered an interesting alternative somewhat unexplored in agriculture and forestry practice.
It has been recognized low-doses of radiation promote increased of cell respiration, enzyme activation, increase in the threshold of lethal doses of radiation, increasing the production of reproductive structures, higher growth, early maturation, accelerated development and disease resistance (Luckey, 1980; . However, most of the works done in this way have been addressed to find the boundaries between hormesis and tissue damage (Castillo et al., 1997; Fuchs et al., 2002; Lemus et al., 2002; Fuentes et al., 2004; Ramírez et al., 2006) . There is few researches have been conducted to evaluate the effect of the radiation on the full cycle of the organisms (Cepero et al., 2002; Ramírez et al., 2006) . The results obtained in the works of radiostimulation or radiohormesis revealed increases (10-40%) in agricultural yields, seed germination, contents of carotenes and vitamin C in some vegetables and protein and fat in cereals, finally resistance to diseases and abiotic factors Vasilevski, 2003) . On other hand, chronic radiation is another kind of irradiation treatment used to increase variation in different plant species (Sparow & Woodwell, 1962) . This type of irradiation could produce at the plant population level, most severe effects on sexual reproduction because during and after meiosis: (1) nuclear volume is high; (2) chromosome number is reduced after meiosis; (3) the rate of nuclear division may be low, some species requiring two years between meiosis and full maturation of seeds; (4) meiotic pairing and reduction tend to enhance the damage wrought by aberrations which may survive in diploid somatic cells. In forestry was evaluated too the effects of chronic ionizing radiation of low intensity (3-15 r/20 hr day) over a period of several years on the reproductive capacity of the trees, floral abnormalities, as well as growth of their progenies (Mergen & Stairs, 1962) . These authors were found for Pinus rigida a decrease in cone length and in seed germination and seedling height for plants grown from irradiated cones that was associated with an increase in the chronic gamma radiation accumulated by the trees. For Quercus alba was observed visual aberrations in flower morphology in trees receiving from 6 to 12 r/day and a decrease on survival percentage and height growth of seedlings with radiation level (Mergen & Stairs, 1962) . In this case like others mutagenic treatments the relative dosage levels necessary to produce specified responses in growth rate, reproductive capacity or in degree of mortality vary greatly within a species.
Irradiation treatments performed at in vitro culture has been also employed to increase genetic variability and mutants as a potential source of new commercial cultivars (Rasheed et al., 2003; Orbovic´ et al., 2008) . So, tissue culture techniques offer a wide choice of explants (initial plant material) for gamma radiation treatment (cells, tissues, somatic embryos and organs). These explants will give origin to complete plants composed of a few or even of one cell with a higher probability for find mutated cells. In vitro culture also allows for the handling of unlimited vegetative material for radiation treatment, aseptic and controlled in vitro selection, and micropropagation of selected variants (so called somaclones). In addition, according to Predieri (2001) , tissue culture increases the efficiency of mutagenic treatments for variation induction, handling of large populations, use of ready selection methods, and rapid cloning of selected variants.
Recent developments in biotechnology-especially in understanding the structure and function of plant genomes-confirms in vitro mutation induction as one of the most efficient and cost-effective tools for functional genomics projects dealing with both forward and reverse genetics strategies (Jain, 2001; . The high number of research reports suggests also that mutagenesis in combination with tissue culture has high potential in plant breeding programs. It has been indicated (Maluszynski et al., 1995) , that the use of tissue culture techniques can overcome some of the limitations in the application of mutation techniques; these are the lack of effective mutant screening techniques and the unrealistically large but necessary size of the mutated population, calculated on the basis of an expected mutation frequency for a desired trait. The determination of radio-sensitivity tests, irradiation with optimal doses and multiplication of irradiated material through in vitro mutation techniques has assumed a new dimension (Ahloowalia & Maluszynski, 2001 ). An example of setting the boundary between and tissue damage from ionizing radiation was shown by Fuchs et al. (2002) . These authors found in callus culture of Saccharum sp. (sugarcane), dose of greater than 4 kR of gamma radiation eliminated any possibility to induce an organogenetic process in this tissue. In this case, the hormetic threshold (2 to 4 kR) was much lower that applied to seeds of other species (4 to 20 kR) (Lemus et al., 2002; Ramírez-Calderón et al., 2003; González et al., 2004) .
Hormesis and molecular mechanisms of the adaptive response
The hormesis term comes from greek meaning "to excite". Exposure of sublethal doses of ionizing radiation can induce protective mechanisms against a subsequent higher dose irradiation. So, the hormesis is the excitement and stimulation by small doses of any agent on any system. Luckey (1980) , in his book entitled "Hormesis", documented thousand experiments where fungi and other lower life forms were seen to prosper with doses of radiation exceeding their normal background exposures with ionizing radiation. In a second book entitled "Radiation Hormesis" (Luckey, 1991) examined hundreds of studies on animals and humans, showing that low levels of radiation were beneficial to health, longevity, and reproduction.
Many studies have been also indicated that pre-expose to low dose radiation (or some other genotoxic agent) can change radiosensitivity, reducing score of chromosomal aberrations, micronuclei and mutations. This phenomenon is called adaptation and could be related with defense mechanisms some of them have evolved to minimize genotoxic damage. One of these is induced radioresistance or adaptive response (AR). The term "adaptive response" usually means that a relatively small "conditioning" radiation dose induces increased radioresistance when the cells are irradiated with higher doses several hours later (Hillova & Drasil, 1967) . Thus, radioadaptive response induction expresses the ability of low dose radiation to induce cellular changes that alter the level of subsequent radiation-induced or spontaneous damage (Amundson et al., 1999) . The exposure to minimal stress inducing a very low level of damage can trigger an AR resulting in increased resistance to higher levels of the same or of other types of stress (Patra et al., 2003; Asad et al., 2004; Girigoswami & Ghosh, 2005; Yan et al., 2006) . The AR could be considered a nonspecific phenomenon and have been confirmed but not explained by many studies. Adaptation after preexposure to chronic or prolonged exposure to low-level radiation doses was not often described.
Several types of cellular responses to ionizing radiation, such as the adaptive response, suggest that low-dose radiation may possess characteristics that distinguish it from its highdose counterpart. Accumulated evidence also implies that the biological effects of low-doses and high-doses of ionizing radiation are not linearly distributed. This is an important physiological effect of exposure to low doses of radiation. The radioadaptive was first documented in a convincing way to protect against chromosomal aberrations ).
The capability of forest tree species to adapt to the new environments not only will depend on their genetic background, but also rely on their phenotypic plasticity. Several reports have shown the involvement of epigenetic modifiers as the basis of the phenotypic plasticity, and in particular to the adaptation to abiotic stresses. DNA methylation is one the most important epigenetic modification in eukaryotes. It is involved in specific biological processes such as gene transcription regulation, gene silencing, mobile element control or genome imprinting. Therefore, there is a great interest in analyzing methylation levels and distribution within the genome. Epigenetic regulation of gene activity is widespread in the genome of eukaryotic cells and can lead to silencing or activation of gene expression. According to , high doses of radiation can promote epigenetically silencing of adaptive response genes, for example via promoter associated DAN and /or histone methylation or deacetylation.
Adaptive-response genes can be stabilized and activated in response to cellular stress (e.g., low dose radiation) through post translational modifications that include acetylation (Ito et al., 2002) . This radiation, above a stochastic threshold stimulate intracellular and intercellular signaling that leads to activated natural protection (ANP) against cancer and other genomic-instability-associated diseases (Scott, 2005; Scott & Di Palma, 2006) .
The AR has been observed in bacteria (Assis et al., 2002; Sedgwick & Lindahl, 2002; Rohankhedkar et al., 2006) , yeast (Boreham & Mitchel, 1991; Gajendiran & Jeevanram, 2002) , algae (Chankova & Bryant, 2001; Rubinelli et al., 2002; Chankova et al., 2007) , insect cells (Savina et al., 2003) , mammalian cells (Wang & Cai, 2000; Tiku & Kale, 2001; Ulsh et al., 2004; Zhou et al., 2004) , human cells (Schlade-Bartusiak et al., 2002; Atanasova et al., 2005; Coleman et al., 2005; Friesner et al., 2005; Lanza et al., 2005; Seo et al., 2006) and higher plants models (Rieger et al., 1993; Panda et al., 1997; Jovtchev & Stergios, 2003; Patra et al., 2003) . A study of the conditions essential for the induction of an adaptive response is of critical importance to understanding the novel biological defense mechanisms against the hazardous effects of radiation. The results statistically significant with microorganisms, plants, non vertebrates and other animals of experimentation, showed the existence of a radiogenic metabolism, in other words, a metabolism promoted by ionizing radiation.
Little is currently known about the precise mechanisms of AR. There is evidence that different stress conditions can activate similar defense mechanisms in biological systems (Joiner et al., 1996; 1999; Babu et al., 2003) . The AR probably involves the transcription of many genes and the activation of numerous signaling pathways that trigger cell defenses more efficient detoxification of free radicals, DNA repair systems, induction of new proteins in irradiated cells with a conditioning dose, and enhanced antioxidant production (Wolff, 1998; Mendez-Alvarez et al., 1999; Pajovic et al., 2001; Assis et al., 2002; Chankova & Bryant, 2001; Coleman et al., 2005; Lanza et al., 2005) . There is evidence that www.intechopen.com
Current Importance and Potential Use of Low Doses of Gamma Radiation in Forest Species
269
DNA repair underlies the AR induced by low radiation doses in human and plant cells (Lambin et al, 1994; Patra et al., 2003) by increasing the amount and rate of DNA repair (Joiner et al., 1996; 1999) . It has been proposed that these effects could be related to the induction of an AR. A clue as to the nature of the underlying process was provided by results showing a dependence on de novo protein synthesis. The synthesis of DNAbinding proteins (MWs 50, 74 and 130 kdal) was found in radiation-conditioned cells of C. reinhardtii (Bryant, 1979) . The induction of new protein synthesis by low doses could be caused by an effect of low doses on chromatin conformation near genes coding for DNA repair proteins (Belyaev et al., 1996) . For example, there are earlier observations that hydrogen peroxide induced a cross-adaptive response to cumene hydroperoxide in E. coli which did not require novel gene products but involved modification of the small subunit of Ahp, a protein involved in the protection against alkyl hydroperoxides (Asad et al., 1998) . On the other hand, Reactive Oxygen Species (ROS) could serve as signal transducers in plant and animal cells (Babu et al., 2003; Matsumoto et al., 2004) . As signaling molecules, ROS might affect the development of AR through participation in the damage-sensing process after conditioning dose exposure.
Current and potential use of low ionizing radiation in forestry:
A case study
At present there are virtually no studies of hormesis by ionizing radiation in forest species. Most of the work focused radiation treatment of species of agronomic interest since they have shorter lifetime and germination time, the tissues of this type of seeds have a greater amount of water, which maximizes the effect of radiation; and the generation of seedlings is much easier in the herbaceous form.
One of the few jobs that exist in tree species was conducted with Araucaria angustifollia (Bert) O. Kuntze (Ferreira et al., 1980) . The study showed a hormetic effect on seed germination and seedling growth at low doses of gamma radiation (0.1 to 0.4 kR). This first study showed the effectiveness of ionizing radiation to improve seed germination in species of trees, one of the main agronomic traits for forest management.
Abies religiosa (fir) and Pinus hartwegii are two conifer species that develop on the National Park Cofre de Perote, Veracruz, Mexico. Both have great ecological (P. harwegii is the conifer species taking place at higher altitudes) and economical importance (in particular, the fir is valuable for its timber, trementine production and as an ornamental Christmas trees). These forests have protective functions to other resources to cushion the effects of environmental pollution and contribute as a regulation of the hydrological cycle (Solís, 1994) .
In Veracruz, these populations develop principally in the National Park Cofre de Perote and Pico de Orizaba between 2 800 y 3 500 m.a.s.l. in 17°30' to 20°00' N and 97°104' W (Manzanilla 1974; Sánchez-Velásquez & Pineda-López 1993) . Both species have been seriously affected by fire and logging clandestine, has resulted in a reduction of the effective size of the same low viability and high percentage of abortive seeds, and a significant decrease in reproductive rate, apparently due to manifestation of the phenomenon of inbreeding depression, common in coniferous species (Williams & Savolaienen, 1996) . But, in both species, is common a low reproductive rate (Franklin, 1974) .
Despite the potential utility of the low doses of ionizing radiation for the induction of hormetic effects in these species, to date have not implemented these techniques to increase the germination potential and generating useful mutation in forestry. Therefore, we study the mutagenic effect of gamma radiation and know whether low doses of radiation can have a stimulatory effect on germination and development of P. hartwegii and A. religiosa. Twenty-five to thirty cones of A. religiosa and P. hartwegii were collected in populations that develop on 3510 m.a.s.l., in the locality "El Conejo", both located in the National Park "Cofre de Perote" Veracruz, Mexico. These populations are fragmented and have been affected by significant changes in land use to agricultural crops (Sánchez-Velásquez et al., 1991) .
To apply the mutagenic treatments, seeds were extracted from the cones collected, and kept under controlled conditions at a relative humidity of 8%. Two replicates of 100 seeds of each species at low doses (2, 5, 10, 15 and 20 Gy) of gamma radiation (Co 60 ) were made. The seeds for irradiation were placed at a distance of 80 cm (for a field of 30 x 30 cm), with the help of a head of the Cobalt 60 Unit (Theraton 780e) in the "Centro de Cancerologia de Xalapa, Veracruz, Mexico; and plastic tray, which was secured in a cage at 50 cm from the radiation source ( Figure 1 ). Subsequently, the irradiated seeds of each species and their corresponding controls were planted separately under greenhouse conditions in trays containing a mixture of forest soil and sand in a 1:1 ratio. In both cases we used a randomized complete block design with three replications. Seedlings were transferred to plastic bags for study. To evaluate the effect of the applied radiation dose was counted the number of seeds germinated at 90 days for each dose studied; the percentage of germination was calculated. Was considered germinated seeds showed a greater than 5 mm radical length. At 45 days, was evaluated the height and number of needles of each seedling. Height (cm) was measured with a millimeter rule from the base of the stem of the root to the terminal bud. From the measurements we calculated the percentages of germination, plant height and number of needles as a relative value with respect to control.
The results showed a significant radiostimulating effect on the germination of the seeds of Abies religiosa and Pinus hartwegii treated with low doses of gamma radiation (Figure 2 ). According to these results the radiostimulatory effect was more pronounced in Pinus hartwegii since treatment of 2 Gy resulted in a high percentage of germination. 5 Gy dose was most effective to induce a similar effect on the fir.
These results are consistent with the radiostimulatory effect observed by Rudolph (1979) and Sokolov et al. (1998) to evaluate the germination of seeds of Pinus bankasiana and P. sylvestris, respectively. On the other hand, showed that, like as detected by Nwachukwu et al. (1994) and Lemus et al. (2002) ; the frequency of mutation increased with the percentages of germination. The few seedlings that managed to germinate at the highest doses of gamma radiation showed thickened short roots and therefore were less vigorous and did not survive.
Low doses of gamma radiation used in both species showed similar radiostimulatory effects on the characters of the seedling height and number of needles (Figure 3 a,b) . www.intechopen.com
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As for the variable germination, was found at 2 Gy a radiostimulatory effect on height and number of needles of the seedlings of P. hartwegii. In fir, this effect is slightly higher.
In addition, there was a trend towards reduction in height and number of needles in both species as they increased the dose of radiation. This effect was more pronounced for the number of needles of P. hartwegii (Figure 3 b) .
According to Olvera & West(1985) ; reducing the growth of seedlings generated from seeds treated with high doses of radiation is mainly due to the destruction of auxin and its precursors. It should be noted that the height variable is used in this type of study as the most sensitive indicator of radiation.
Based on our results consider the possibility of using the aforementioned dose to induce mutations that may be of interest in these species. However, all the applied doses produced a negative effect on the number of needles per plant, which are fundamental in the production of Christmas trees. Doses of 2, 5 and 10 Gy gave average values ranging from 3.3 to 6.8 needles per seedlings, well below the average control value, which was 27.7 in P. hartwegii. Contravention in the production because mutations are required to encourage a more fodder for a demanding market of this product.
It has been suggested in this regard that high doses of radiation cause damage that affects physiological character related to growth, especially with the number of needles. High doses of radiation can alter in a direct or indirect the DNA, causing damage of bases, single strand breaks and chromosomal alterations, serious and irreversible destruction of the membrane system of mitochondria and chloroplasts (Ladanova, 1993) . However, it will take more repetitions to achieve seedlings with large needles and branches, or select for traditional breeding seedlings with large needles for future generations.
In summary, prolonged exposure to radiation by gamma rays produced a severe effect on almost all variables; this effect was greater in the seeds irradiated with 15 and 20 Gy. In the range of medium dose (5 Gy), radiation induced lesions can eventually lead to an important radiobiological response, which at the cellular level can alter the viability and even cause cell death (Ward, 1988) .
This response was manifested by affectations in traits related to germination and seedling growth, as the germination percentage and number of needles that were most affected. On the other hand, not all variables were impacted in the same direction, since a dose of 5 Gy showed the presence of a radiopositive effect in the percentage of germination for fir, and at doses of 5 -10 Gy there was a negative effect at the height of the plant and number of needles, with respect to control. However, when analyzing these results it is recommended to fully explore dose of 5 Gy for A. religiosa, and other below 2 Gy for P. hartwegii, in accordance with the sensitivity shown by this species to gamma radiation for improve the germination rate.
Conclusions
With all these examples we can say that low doses of ionizing radiation could improve the crop by increasing production, reducing the time of germination, accelerate growth of seedlings and generate interest new varieties of some plant species, including trees.
However, to achieve these results it is important to set the threshold hormetic species specific depending upon the type of tissue that is irradiated, the quantity of humidity inside the tissue and establish an appropriate model depending on the type of production that is required.
Radiation hormesis provides the basis for appropriate utilization of ionizing radiation as a useful tool in our society. It can provide more efficient use of resources, maximum production of grain, vegetables, and meat, and increased health and longevity. Efficient utilization of nature's resources demands support to explore the practical application of radiation hormesis.
